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A A ConpA?tely s a t i s f a c t o r y  d i s t i n c t i o n  between pea t  and l i g n i t e  is  seldom made i n  
coal c l a s s i f i c a t i o n  schemes and o f t e n  pea t  i s  excluded e n t i r e l y  from t h e  category of 
coal.  I t  i s  not d i f f i c u l t  t o  understand why t h i s  s i t u a t i o n  e x i s t s ,  but t h e  f a i l u r e  t o  
fo rea l ly  recognize pea t  as a form of coal  has  an e f f e c t  which i s  lamentable, i n  t ha t  
i t  c rea t e s  a "no-man's land" between the  provinces of t h e  biochemist  on one hand and 
the  coal chemist on t h e  o the r .  Few biochemists f i n d  it rewarding t o  work i n  t h i s  f r inge  
area and coal chemists a r e  i n  general  abhorred by t h e  thought o f  concentrat ing t h e i r  
e f f o r t s  i n  the  study of pea t s .  

In  c c n t r a s t  with t h e  above, t h e  common absence of an adequate d i f f e r e n t i a t i o n  o f  
l i g n i t e s  (or brown c o a l s )  and p e a t s  i n  coa l  c l a s s i f i c a t i o n s  i s  obviously not t o  be 
viewed with alarm. I t  s e e m s  apparent t h a t  any such d i s t i n c t i o n  w i l l  be an a r b i t r a r y  
one and no g rea t  need e x i s t s  a t  the moment f o r  e s t a b l i s h i n g  a f i rmly  f ixed  ' l i ne  of 
demarcation. The a n a l y t i c a l  d a t a  p re sen t  i n  t h e  l i t e r a t u r e  c o n t r a s t i n g  t h e  composi- 
t i o n  of pea t s  and l i g n i t e s  are use fu l  and o f t e n  informative,  a t  least i n  a general  
way. .bong o the r  things,  t hese  d a t a  show t h a t  pea t s  commonly con ta in  s i g n i f i c a n t l y  
higher percentages of moisture and ni t rogen.  However, few would f e e l  prone t o  assert 
tha r  a i r  d r i s d  pes t  i s  l i g n i t e ,  o r  t h a t  l i g n i t e  can be produced from pea t  merely by 
leaching the  nitrogeneous substances from t h e  mass. From t h i s  it is evident  t h a t  
such da ta  represent  t h e  average e f f e c t  of t h e  a c t u a l  changes which occur i n  the  
t r . x i s i t i on  from peat t o  l i g n i t e .  A t r u e  understanding of t h e  t r a n s i t i o n  can hardly 
be achieved without i n spec t ing  t h e  na tu re  of t h e  var ious ind iv idua l  changes, each 
of which may a f f e c t  t h e  average moisture,  n i t rogen  or carbon content  i n  a d i f f e r e n t  
manner. The ma te r i a l s  undergoing t h e  changes are t h e  minerals  which are composed of 
inorganic  substances and the  macerals which are f a b r i c a t e d  o f  o rgan ic  ma te r i a l .  

The mineral substances p re sen t  i n  coal seams occur i n  d i s c r e t e  masses which 
usua l ly  possess well-defined boundaries by v i r t u e  of t he i r 'mode  of o r i g i n .  Equally 
d i s c r e t e  a re  the  masees of ma te r i a l  formed of maceral substances and, as i n  t h e  case 
of t he  mineral nasses,  t h e  d i sc re t eness  ob ta ins  because o f  t h e  manner i n  which the  
substance o r  aggregate of substances has been formed. In  some ins t ances  these  bound- 
a r i e s  are inhe r i t ed  from the  source ma te r i a l s  as i n  t h e  case of d e t r i t a l  rock fragments 
and fragments of c e l l  o r  t i s s u e  s y s t e m s .  In  o t h e r  cases, t h e  boundaries a re  determined 
by the  s i z e  and shape of the  space i n  which a newly formed mineral  or maceral may be 
emplaced. Figure 1 of P l a t e  I i l l u s t r a t e s  t h i s  p o i n t  by showing t h e  c l e a r l y  defined 
boundaries of t he  maceral mater ia l  which has been formed, i n  s i t u ,  through t h e  a l t e r a -  
t i o n  of mater ia l  composing t h e  secondary wall o f  t h e  ves se l s .  Within t h e  ves se l  
cav i ty  another maceral substance occurs  and t h e  s i z e  and shape of t h e  mass have been 
determined by t h e  shape o f  t h e  cav i ty  and t h e  volume of t h e  i n t r u d i n g  ma te r i a l .  
Comparison o f  Figure 1 with Figure 2 (P la t e  I )  leaves l i t t l e  doubt as t o  the  i n  s i t u  
development of t h e  buff colored, an i so t rop ic  maceral ma te r i a l  which now makes up the 
remnant of t h e  o r i g i n a L v e s s e 1  wall .  The l a t t e r  was i n i t i a l l y  c o l o r l e s s  and has taken 
on t h e . b u f f  hue during c o a l i f i c a t i o n  i n  the  pea t  s t age .  

The evolut ion of  maceral substances i n  t h e  pea t  - l i g n i t e  t r a n s i t i o n  can be 
observed r e a d i l y  but l i t t l e  i s  hown concerning t h e  chemistry of t hese  changes. Certain 
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of  t h e  m a t e r i a l s  composing p e a t  are t y p i c a l l y  s t a b l e  during t h e  t r a n s i t i o n ,  as Suggested \ 
by t h e  photomicrographs presented  a s  Figures  3 and 4 of P l a t e  I. The i l l u s t r a t i o n s  
i n d i c a t e  t h a t  f u s i n i t e  as w e l l  a s  c e r t a i n  anthraxylous macerals belong i n  t h i s  category. 
The observat ions made thus  f a r  suggest t h a t  e s s e n t i a l l y  a l l  of t h e  maceral sui,tes 
possess  macerals which a r e  u s u a l l y  s t a b l e  through t h i s  t r a n s i t i o n .  

3, 

Although many m a t e r i a l s  appear t o  be common t o  l i g n i t e s  and pea ts ,  comparative 
s t u d i e s  make equal ly  obvious t h e  numerous changes which cont r ibu te  t o  the  general  
p r o p e r t i e s  taken on by t h e  newly formed coa l  type. P l a t e  I1 d e p i c t s  some of t h e  
organic  substances encountered i n  p e a t .  These inc lude  a g r e a t  v a r i e t y  of mater ia l s  
ranging from c o l o r l e s s  and chemical ly  unal tered substances on t h e  one hand t o  d r a s t i -  
c a l l y  modified opaque and h i g h l y  colored macerals on t h e  o ther .  
t h e  c o l o r l e s s  organic substances a r e  uncommon i n  l i g n i t i c  coa ls  but a r e  commonly 
encountered i n  t h i n  s e c t i o n s  of  pea t .  L igni f ied  and suberized t i s s u e s  y ie ld  a number 
of mater ia l s ,  some of  which appear t o  provide l i g n i t e s  with t h e i r  s lacking proper t ies .  
Several  of these  develop out  o f  t h e  c o l o r l e s s  m a t e r i a l s  encountered i n  pea ts  and the 
r e s u l t a n t  macerals may be b u f f ,  yellow-brown, red-brown o r  brown i n  co lor .  Maceral 
m a t e r i a l s  of the  buff and brown types do not appear t o  cont r ibu te  t o  t h e  s lacking of 
l i g n i t i c  masses. The bulk of t h e  yellow-brown and red-brown mater ia l s  a re  phys ica l ly  
d is rupted  when placed i n  a d e s s i c a t i n g  environment, whereas masses of mater ia l  composed 
of buff or brown maceral substances remain unaffected.  

As i s  t o  be expected, '\ 

Tannic and phenol ic  substances a r e  conspicuous i n  many pea t  types and the  l a t t e r  
group of mater ia l s  or t h e i r  d e r i v a t i v e s  appear a s  reddish and brownish a a c e r a l s  i n  
l i g n i t e s  (compare P l a t e  I, Figure 1 with P l a t e  11, Figure 2 ) .  The f a t e  of t h e  b r i l l i a n t  
red tannins  i s  not c l e a r  but  i n  t h i s  i n v e s t i g a t i o n  they have not been observed t o  
occur as  such, i n  o t h e r  than p e a t  masses. C r y s t a l l i n e  inc lus ions  which a r e  found i n  
t h e  cells of a v a r i e t y  of p l a n t s  appear t o  be destroyed i n  t h e  peat  environment for ,  
so f a r  as could b e  determined, they  have not been observed i n  l i g l l i t i c  c o a l s .  

With respect  to  t h e  mineral  content  of p e a t s  and lignites, the  most i n t e r e s t i n g  
c o n t r a s t  appears t o  be t h a t  a s s o c i a t e d  with t h e  occurrence of p y r i t e .  This mineral 
is a common component i n  l i g n i t e  seams and i n  o t h e r  coa l  beds of higher rank. I t  is  
o f t e n  present  i n  microscopica l ly  v i s i b l e  masses and as such i s  readi ly  de tec ted .  In 
t h e  p e a t s  examined, p y r i t i c  m a t e r i a l  i s  conspicuous by i t s  absence. Although d e t a i l e d  
s t u d i e s  have not been made, it seems evident  t h a t  i f  p y r i t i c  mater ia l  is present  i n  
. the p e a t s  being s tudied ,  it i s  dizseminated i n  minute p a r t i c l e s  within t h e  organic  
substances. The more conspicuous masses previously r e f e r r e d  t o  must be developed 
during or subsequent t o  t h e  p e a t  - l i g n i t e  t r a n s i t i o n .  

Bur ia l  of a pea t  mass beneath a t h i c k  cover of o t h e r  sedimentary mater ia l s  
normally r e s u l t s  i n  t h e  t h i n n i n g  of  t h e  peat  seam, l a r g e l y  through t h e  loss of water. 
This presumably inc ludes  t h e  loss of both ; :+nt%er-par t ic le"  water and " in t ra -par t ic le ' '  
water. The removal of t h e  i n t e r - p a r t i c l e  water obviously p laces  adjacent  p a r t i c l e s  
i n  more in t imate  contact  and causes  them t o  adhere t o  one another t o  a c e r t a i n  extent .  
Wherevef p i a s t i c  substances a r e  present  t h e  coherency of t h e  mass i s  increased and 
it i s  f u r t h e r  augmented by the "matting e f f e c t "  encountered i n  pea ts  containing 
s i z e a b l e  concentrat ions of f i b r o u s  mater ia l .  
cannot be produced u n t i l  t h e  bulk of the  mater ia l  i s  a l t e r e d  t o  maceral substances 
which w i l l  behave p l a s t i c a l l y  under t h e  impact of t h e  forces  produced by t h e  weight of 
t h e  overburden. I t  seems reasonable  t o  assume t h a t  t h e  p l a s t i c  deformation of an 
ind iv idua l  mass r e s u l t s  i n  an increased  adhesion with adjacent  p a r t i c l e s  and an 
" inter- lacing ' '  6f p a r t i c l e s  through t h e  ac tua l  flowage of material i n t o  i n t e r - p a r t i c l e  
spaces .  
t o  be r e s t r i c t e d  t o  migrat ion i n t o  any voids which may be present  i n  t h e  gross 
s t r u c t u r e  of the invaded p a r t i c l e .  No evidence was found suggest ing an " inter-  
molecular" mingling of t h e  invading and invaded substances,  hence, t h i s  type of 

A t r u l y  coherent or "consolidated" mass 

The ac tua l  impregnation of % . f o r e i g n  p a r t i c l e  by a mobile mater ia l  appears 
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impregnation i s  not thought t o  play a major r o l e  i n  t h e  forming of consol idated c o a l s .  

The s i z e ,  shape and t e x t u r e  of t h e  d i s c r e t e  nasses  of mater ia l  comprising l i g n i t e  
seams provide evidence as t o  which of t h e  macerals have had a p l a s t i c  phase i n  t h e i r  
h i s t o r y .  Of t h e  macerals der ived  from l i g n i f i e d  o r  suberized source mater ia l s  c e r t a i n  
of the  buff ,  yellow-brown and red-brown macerals appear t o  show t h e  g r e a t e s t  e f f e c t s  
of having been p l a s t i c  o r  mobile a t  some s tage  i n  t h e i r  development. Volumetrically 
these mater ia l s  comprise t h e  l a r g e r  p a r t  of most l i g n i t e  seams. It seems possible ,  
therefore ,  t h a t  t h e  development of  these macerals o r  t h e i r  p l a s t i c  progeni tors  i s  
e s s e n t i a l  t o  the  consol ida t ion  of a coal seam. I f  they f a i l  t o  develop, a poorly 
consolidated mass of "b row coa l"  r e s u l t s .  Their  development appears t o  be character-  
i s t i c a l l y  assoc ia ted  with t h e  peat  - l i g n i t e  t r a n s i t i o n .  Macerals which e x h i b i t  
p l a s t i c  p r o p e r t i e s  under the  normal pressure  condi t ions  encountered i n  coal measure 
s t r a t a  a r e  undoubtedly present  i n  higher  rank coals  but t h e  above mentioned mater ia l s  
a re  apparent ly  of  primary importance i n  br inging  about t h e  i n i t i a l  consol ida t ion  of  a 
coal semi. 

411 of t h e  preceeding implies  t h a t  i t  i s  p r o f i t a b l e  t o  view coa l  seams as  a 
mixture of macerals and minerals .  The rank, t h e  degree of consol ida t ion ,  t h e  s lacking  
proper t ies  and a i l  o ther  c h a r a c t e r i s t i c s  a r e  then a func t ion  of t h e  r e l a t i v e  concentra- 
t i o n s  of the cons t i tuent  macerals and minerals .  The importance of understandigg t h e  
physical and chemical na ture  of these  components and t h e  p r o p e r t i e s  of the  n a t u r a l  
naceral  assemblages i s  se l f -ev ident  and research  i n  t h i s  f i e l d  should be acce lera ted  
i n  the i n t e r e s t s  of achieving the  g r e a t e s t  b e n e f i t s  from t h e  e x p l o i t a t i o n  of our coa l  
reserves .  

, 
i 
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Figure  1 : Transverse s e c t i o n  of  l i g n i t i -  
zed wood (Persea s p . )  from the Brandon 
l i g n i t e .  Vessel walls are composed of  
a buff-colored a n i s o t r o p i c  m a t e r i a l .  
( 4 1 0 ~ )  

Figure 3: Sect ion  of p e a t  from Okefeno- 
kee Swamp, Georgia. Opaque f u s i n i t e  is 
shown i n  lower r i g h t ,  yellow-brown t o  
reddish  anthraxylous material occupies  
remainder of photograph. ( 1 1 2 ~ )  
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PLATE I 

Figure 2:  Transverse s e c t i o n  of wood 
of  Persea  borbonia. Vessel wal ls  
are c o l o r l e s s .  (310x) 

Figure 4: Sect ion  of  l i g n i t e  from 
Harding County, S.D. Opaque f u s i n i t e  
is shown in lower r i g h t ,  yellow-brown 
to  reddish  anthraxylous mater ia l  
occupies  remainder of photograph. (95x) 



-7 - 

Figure 1: Thin s e c t i o n  of mater- 
i a l s  encountered i n  p e a t  from 
Okefenokee Swamp, G a .  (20x) 

Figure 2 :  Wood from pea t  of Shark 
River  area,  southern  F lor ida .  Brown 
phenol ic  subs tances  i n  rays  a r e  
i n h e r i t e d  from source  mater ia l .  (84x) 

Figure 3: 
swamp p e a t .  Mater ia l s  vary from c o l o r l e s s  t o  a v a r i e t y  of 
yellow-brown, red, and opaque materials. (27x) 

Typical  assortment of substances composing Nyssa 

PLATE I1 


